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Abstract 
The paper summarizes the results of the research, performed in 2010-2015, on topic vehicles based on hybrid propulsion system, 
using the “plug-in hybrid electric vehicle” scheme. The main technological improvement achieved is the vehicle weight reduction, in 
particular through the use of range extender generators based on micro-turbine technology. The requirements for generator were 
defined and a system design analysis was held. The concept of the company TurboGEN Technology is briefly discussed. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction to the research refinement of hybrid motor-transmission set 
The current technological state of electric vehicles shown the ability to create electric vehicles (EV) with a large 
electric range and high-end dynamic performances [1,2]. However, even promising energy capacity of batteries is 
several times lower than that of fossil fuels. Therefore, the mass of the battery reaches 200-400 kg, and the EV 
weight by 30-50% higher than the weight of Conventional Vehicles (CV) that leads to an increase in energy 
consumption for propulsion and decreasing a total efficiency of vehicles. When comparing CV and EV at equal 
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gross weight and cruising range, economic criteria are converted to a simple criterion - the vehicle total weight Mv. 
[1 – 4]. 
Rational solution corresponds to a minimum Mv weight. This condition is satisfied by a hybrid propulsion system 
(HPS) circuit (Fig. 1) - «plug-in hybrid electric vehicle» - PHEV) [1 – 4]. Their feature - charging the battery from 
an external source and a power reserve of electric drive mode at least 50-100 km. The range extender genera-tor - 
REG used a heat engine. It operates in a stationary mode and provides battery charging. However, the REG 
requirements need to be clarified.  It is necessary to solve two problems: 
 
a) to establish reserves to reduce weight Mreg, for weight reduction of Mv and improvement of the vehicle 
efficiency;  
b)  to define the rational type of heat engine and its parameters.   
2. The object of the study (Model, Process, Device, Sample preparation etc.) 
To solve the first problem, used modern simulation approved method - «The Parametric Analytical Model of 
Vehicle Energy Consumption» (PAMVEC) [4]. It is based on the use of the well-known equation of the vehicle 
power driving balance   in the driving cycle, in our case, Urban Driving Cycle (UDC), Fig. 2. It is most relevant to 
the conditions of PHEV operation [1, 2].  
When using HPS PHEV  vehicle efficiency depends mainly on two factors. The first - the degree of perfection of 
the electric parts. They already has a high efficiency (battery - up to 0.95, the electric traction - to 0.9-0.95) and 
increase its reserves are exhausted. 
 
 
 
 
 
 
 
 
 
 
 
 
          
Fig.1. The scheme HPS PHEV.                         Fig.2. Urban Driving Cycle (UDC). 
 
The second - the motion energy consumption Nm, related to the vehicle weight  at a constant desired payload. 
Therefore, the main factor in increasing the vehicle efficiency becomes a weight reduction MV. In modeling were 
determined energy consumption of Nm as a function of total mass  Mv, with the initial value of 1200 kg. The power 
vehicle model has been correcting for achieving   the set of dynamic parameters (speed and acceleration). Other 
parameters and indicators (aerodynamics, thermal characteristics of the engines, battery, motors etc.) were set in the 
initial data. 
It was found that the vehicle weight  decrease ǻMv leads to lower motion energy consumption  ǻNm of the 
following relationships (Fig. 3): a) - close to the linear and increase a reserve range  for the same power consumption 
of the battery; b) -  growing while maintaining the range and reducing the required HPS power and the masses, 
including battery energy consumption and weight. 
For the required payload weight, the reserves to reduce the vehicle mass is limited [1, 2, 4]. The main is unused 
reserve is to reduce the REG weight and size. Analyze vehicle designs showed that these REG indicators are not 
independent objects of optimization. Their influence should be read in conjunction with elements of the engine 
compartment. Decreasing weight Mv at reducing REG weight Mreg depends on the design of the vehicle. It is: for 
cars ǻ Mv  = (1,15-1,2) ǻMreg ; for the special vehicles ǻ Mv  = (1,4-1,6) ǻMreg .  For special vehicles, the role of 
REG dimensions in shaping the mass Mv, increases. 
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Decreasing weight, ǻMreg , leads to lower motion energy consumption ǻNM of the following relationships (Fig. 
4): a) - close to the proportional (cars); b) - by increasing (special vehicles). The impact of fuel efficiency REG heat 
engine at the required power reserve vehicle to electric slightly, depending on the time of its operation. Therefore, 
reducing the REG weight and size becomes a priority, and increase the efficiency of its engine - secondary. 
3. Methods of the research 
Generalization of data of HPS PHEV concepts shows, that the REG mass does not exceed the 80-100 kg, electric 
power is 5-30 kW depending on the weight of the vehicle and the required reserve. The structure REG includes a 
heat engine with the fuel tank, generator and power electronics. 
The following basic requirements for REG: weight and size parameters (specific power at least 0.3-0.5 kW / kg, 
the volume power at least 140-160 kW / m3); value in mass production of not more than 100-150 $ / kW; service life 
up to 4000 hours; the need for environmental safety; multifuel and etc. [3, 5]. All current REG, do not meet the 
requirements for overall dimensions and cost (Table 1). This points to the need to analyze the possibilities of 
application in the REG alternative engines. The comparison shows (Table 1) that meet the requirements of most 
micro-turbine generator (MTG) [5, 6, and 7]. Their advantages and disadvantages are due to design features, the 
operating cycle, materials and technologies. 
 
Fig. 3. Effect of reducing the vehicle mass to reduce motion energy.          Fig. 4. Effect of reducing the REG mass to reduce motion energy 
         consumption.      
3.1. Structure of micro-turbine generator 
MTG provides maximum design simplicity  by integrating into a single unit (the rotor)  compressor, turbine and 
high-speed electrical generator (Fig. 5). Other benefits MTG: multifuel; required environmental security; high 
reliability and low operating costs; unification; modular design and others. The duty cycle MTG studied, its 
efficiency largely depends on the gas temperature before the turbine, pressure ratio in the compressor, the degree of 
regeneration of exhaust heat. Modern technical capabilities can significantly increase the gas temperature before the 
turbine and to bring efficiency to the level of MTG REG based on diesel [6,7,8]. 
A wealth of experience in design, production and use MTG as mini power stations, in particular by «Capstone 
Turbine Corporation», the United States [6,7,10]. She also has experience with REG based on mini power stations 
(power 30-60 kW) for heavy vehicle. However, the REG does not meet the requirements of the application 
considered in light-duty vehicle.  
3.2. Compressor characteristics and the gas generator 
There are reserves to reduce the cost of the MTG and fast implementation into production on the basis of gas 
generator unification with a small-sized turbochargers. Turbochargers have small dimensions and weight, high 
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reliability and minimum operating costs [5, 8]. Turbochargers are at the stage of mass production (more than 50 
million per year) at a cost of about $300. One of the tendencies of their improvement is to create a hybrid 
turbocharger that is MTG with reversible electric [9]. 
During 2014-2015 «TurboGEN Technology» developed the concept MTG power up to 2.1 kW at a speed to 
120,000 min-1 with external combustion chamber operating on gas. We used a gas generator based on turbocharger 
GT2052 produced by company «Garrett» (Fig. 5) and experienced a synchronous AC generator on permanent 
magnets. Achieved meet the requirements for overall dimensions (specific power - 0.4 kW / kg, volume power - 145 
kW / m3) at a moderate cost of the prototype. Currently, a concept MTG power up to 5 kW at a speed to 200,000 
min-1 higher calculated specific indicators (specific power to 0.8 kW / kg, volume power up to 165 kW / m3). 
 
 
Fig. 5. Compressor characteristics and the gas generator general appearance  
with a combustion chamber (alternator removed). 
Table 1. Comparative REG characteristics 
Engine and 
generator types 
Spec. 
power, 
kW/kg 
Vol. power, 
kW/ m3 
Engine speed,
min-1 
Electr. 
Effic. 
Product. 
Price, 
$ / kW 
Note 
Spark-ignition; AC,  sonhronny 0,1-0,12 80-90 4000-6000 0,26-0,29 <300 Small-sc 
production 
Diesel; AC,  sonhronny 0,04-0,06 20-30 1500-4500 0,3-0,34 <500 Concept 
Rotary; AC,  sonhronny, 
permanent magnet   
0,12-0,15 
 
100-120 6000-7000 0,25-0,28 <600 
 
Concept 
 
MTG  based on the turbocharger; 
AC, sonhronny, permanent 
magnet   
0,35-0,4 
 
More 140 
 
To 200000 and 
more 
0,27-0,29 180- 200 
 
Concept 
 
Thus in this case we can conclude that:  
 
1. The main factor in increasing the efficiency of vehicles with HPS PHEV is to reduce their weight. Prioritized 
reducing REG weight and size and influenced on the vehicle efficiency depending on the engine compartment 
design.  
2. The basic requirements for the REG have been figured out and defined that the greatest degree corresponds to 
these requirements is MTG. The possibility of implementation of the requirements in the concept MTG based on 
a small-sized turbocharger.  
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